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(54) Antenna arrangement and mobile terminal 

(57) The invention relates to an antenna arrange- 
ment for a mobile terminal having a stable receiving sen- 
sitivity and a symmetric radiation pattern and to a cor- 
responding mobile terminal. The antenna arrangement 
comprises a loop antenna (410) having an electrical 
conductor performing an open loop, one end of the elec- 
trical conductor being connected to a variable capacitor 
41 1 and the other end being connected to a ground elec- 
trode (431), the electrical conductor being further con- 
nected to a micrcstrip line 41 2. The arrangement further 
comprises a rod antenna (420) and means (414, 415) 
for attaching said rod antenna to said loop antenna. 
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Description 

[0001 ] The present invention relates to an antenna ar- 
rangement for a mobile terminal, and to a corresponding 
mobile terminal having said antenna arrangement. s 
[0002] In general, an antenna apparatus for a mobile 
terminal consists of a fixed helical antenna and a retract- 
able rod antenna. The helical antenna operates in a re- 
tracted state and the rod antenna operates in an extend- 
ed state. io 
[0003] FIG. 1 illustrates a conventional antenna ap- 
paratus in the extended state and its peripheral circuits, 
and FIG. 2 illustrates the conventional antenna appara- 
tus in the retracted state and its peripheral circuits. The 
detailed structure and operation of the antenna appara- is 
tus is well disclosed in Korean patent registration No. 
107414/1 996. 

[0004] Referring to FIGs. 1 and 2, the antenna appa- 
ratus for a mobile terminal 100 consists of a helical an- 
tenna 1 30 mounted on an upper portion of a housing 20 
301 , leaning to one side, and a rod antenna 120 fixed 
to the housing 301 by an antenna cap 106. The hollow 
antenna cap 106 has a protrusion 1 07 formed at an up- 
per, inner wall, through which the rod antenna 120 is 
inserted. Under the antenna cap 106 : a conductive fe- 2s 
male screw 1 1 1 is fixed to the upper end of the housing 
301 . A cylindrical male screw 1 09 having a through hole 
is screwed to the female screw 111. A head of the cylin- 
drical male screw 109 is attached to a lower end of a 
helical winding 108 inserted into an opening of the an- 30 
tenna cap 1 06. The antenna cap 1 06 is fixed to the hous- 
ing 301 such that a lower end of the antenna cap 106 is 
fixed to the head of the cylindrical male screw 1 09. The 
rod antenna 120 is composed of a polyacetal rod 104, 
an antenna core line 1 05 inserted into the polyacetal rod 35 
104, an isolation element 103 with a fixing groove 102 
formed at an upper, outer circumference, and a pull 101 
formed at an upper end of the isolation element 103. 
The rod antenna 120 is inserted into the antenna cap 
106, passing along a center axis of the helical antenna *o 
130 and the through hole of the cylindrical male screw ' 
109. A lower end of the polyacetal rod 104 is fixed to a 
stopper 110. In the retracted state of the rod antenna 
120, the protrusion 107 formed at the upper portion of 
the antenna cap 106 is inserted into the fixing groove 4$ 
1 02 of the isolation element 1 03 so that the rod antenna 
1 20 may not be pulled out by itself. In the extended state 
of the rod antenna 1 20, the stopper 1 1 0 fixed to the lower 
end of the polyacetal rod 1 04 is stopped by a plate spring 
112 mounted on the through hole of the cylindrical male so 
screw 1 09. The female screw 1 1 1 is connected to a print- 
ed circuit board (PCB) 205 by way of a feeding connec- 
tor 201 . 

[0005] As illustrated, the antenna core line 105 ex- 
tends from the stopper 110 to the lower end of the iso- 55 
lation element 103. The rod antenna 120 is made of the 
polyacetal rod 104 having a good restoring force, and 
serves as a protection rod for the antenna core line 1 05. 
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The antenna core line 1 05 may be made of a silver-plat- 
ed cooper wire or piano wire, or a superelastic nickel- 
titanium wire (i.e., shape-memory alloy) having a good 
restoring force. The electric length of the antenna core 
line 105 is between )J4 and A/2 (i.e., approximately 
87-174 mm at 860MHz), taking into consideration the 
vertical length of the housing 301 . In practice, the phys- 
ical length of the antenna core line 105 can be reduced 
to 1 32 mm by virtue of a dielectric constant of the poly- 
acetal rod 104. When the vertical length of the housing 
301 is very short, a telescoping antenna may be used 
for the rod antenna 120. 

[0006] The helical winding 1 08 of the helical antenna 
130 is made of a silver-plated piano wire having a diam- 
eter of 5.6 mm. The electric length of the helical winding 
108 is related to the length of the antenna core line 1 05 
of the rod antenna 1 20. The physical length of the helical 
antenna 130 is relatively much shorter than that of the 
rod antenna 120. 

[0007] As illustrated, the antenna apparatus is leaned 
toward one side of the mobile terminal. Therefore, in the 
retracted state of the rod antenna 1 20, the overall length 
of the antenna apparatus is reduced and only the helical 
antenna 1 30 radiates a radio signal. In this case, due to 
the positional asymmetry of the helical antenna 1 30, the 
radiation pattern is distorted, reducing the radiation dis- 
tribution in a specific direction. On the other hand, in the 
extended state of the rod antenna 120, the overall length 
of the antenna apparatus is increased, thus improving 
the radiation characteristic and the communication qual- 
ity. However, in the event that the antenna apparatus is 
leaned toward one side of the mobile terminal, the radi- 
ation pattern of the antenna apparatus is asymmetrical 
and the receiving sensitivity may depend on the position 
of the mobile terminal. In particular, this asymmetrical 
problem becomes serious in the retracted stated of the 
rod antenna. Further, an increase in the operating fre- 
quency requires an extension in the size of the mobile 
terminal with respect to the wavelength, which acceler- 
ates the distortion of the radiation pattern thereby caus- 
ing a difficulty in designing a compact mobile terminal. 
[0008] It is the object of the present invention to pro- 
vide a non-directional antenna arrangement for a mobile 
terminal having a stable receiving sensitivity, and a cor- 
responding mobile terminal. 

[0009] This object is solved by the subject matters of 
claims 1 and 16. 

[0010] The invention is advantageous in that it pro- 
vides an antenna arrangement for a mobile terminal 
having a symmetric radiation pattern. 
[0011] Preferred embodiments are defined by the de- 
pendent claims. 

[0012] When the antenna apparatus is used in a PCS 
(Personal Communication Service) band, it is possible 
to prevent asymmetry of the radiation pattern, thereby 
improving the communication quality. 
[0013] The present invention will become more ap- 
parent from the following detailed description when tak- 
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en in conjunction with the accompanying drawings in 
which: 

FIG. 1 is a diagram illustrating a conventional an- 
tenna apparatus in the extended state and its pe- 
ripheral circuits; 

FIG. 2 is a diagram illustrating the antenna appara- 
tus of FIG. 1 in the retracted state and its peripheral 
circuits; 

FIG. 3 is a diagram illustrating an antenna appara- 
tus for a mobile terminal according to an embodi- 
ment of the present invention; 
FIG. 4 is a diagram illustrating the antenna appara- 
tus of FIG. 3 in the extended state; 
FIG. 5 is a diagram illustrating the antenna appara- 
tus of FIG. 3 in the retracted state; 
FIG. 6 is a diagram illustrating a current distribution 
of the antenna apparatus in the extended state; 
FIG. 7 is a diagram illustrating a variable capacitor 
(41 1 ) according to a first embodiment of the present 
invention; 

FIG. 8 is a diagram illustrating a variable capacitor 
(411) according to a second embodiment of the 
present invention; 

FIG. 9 is a diagram illustrating a voltage standing 
wave ratio (VSWR) of the antenna in the retracted 
state; 

FIG. 10 is a diagram illustrating a voltage standing 
wave ratio (VSWR) of the novel antenna in the ex- 
tended state; 

FIG. 11 is a diagram illustrating a radiation pattern 
of the novel antenna apparatus on an azimuth plane 
in the retracted state; 

FIG. 12 is a diagram illustrating a radiation pattern 
of the conventional antenna apparatus on the azi- 
muth plane in the retracted state; 
FIG. 13 is a diagram illustrating a radiation pattern 
of the novel antenna apparatus on an elevation 
plane in the retracted state; 

FIG. 14 is a diagram illustrating a radiation pattern 
of the conventional antenna apparatus on the ele- 
vation plane in the retracted state; 
FIG. 15 is a diagram illustrating a radiation pattern 
of the novel antenna apparatus on the azimuth 
plane in the extended state; 
FIG. 16 is a diagram illustrating a radiation pattern 
of the conventional antenna apparatus on the azi- 
muth plane in the extended state; and 
FIG. 17 is a diagram illustrating a radiation pattern 
of the novel antenna apparatus on the elevation 
plane in the extended state. 

[001 4] A preferred embodiment of the present inven- 
tion will be described hereinbelow with reference to the 
accompanying drawings. In the following description, 
well known functions or constructions are not described 
in detail. 

[0015] FIG. 3 illustrates an antenna apparatus for a 



mobile terminal according to an embodiment of the 
present invention. FIGs. 4 and 5 illustrate the antenna 
apparatus of FIG. 3 in the extended state and the re- 
tracted state, respectively. 
s [0016] ReferringtoFIGs. 3 to 5, an antenna apparatus 
of the invention consists of a rectangular hula hoop an- 
tenna 410 and a rod antenna 420. The hula hoop an- 
tenna 410 is placed at an upper, inner center of a hous- 
ing 401 of the mobile terminal. The rod antenna 420, 
io which is retractable and extendible into and from the 
housing 410, is disposed at a given corner of the hula 
hoop antenna 410. The hula hoop antenna 410 is sup- 
ported by a printed circuit board (PCB) 430. Further, the 
hula hoop antenna 41 0 has an end connected to a var- 

is iable capacitor 411 on the PCB 430 and another end 
connected to a ground plate 431 of the PCB 430. For 
feeding and arrangement of the antenna apparatus, the 
ground plate is removed at the upper portion of the PCB 
430. A microstrip line 412 united with the hula hoop an- 

20 tenna 410 is connected to a low noise amplifier (LNA) 
41 3 in a transceiver of the mobile terminal. A conductive 
fixing member 414 having a through hole is fixed to a 
corner of the hula hoop antenna 410, and a cylindrical 
fixing member 415 is inserted into the through hole of 

25 the conductive fixing member 414. The rod antenna 420 
is movably restricted to the housing 401 by the cylindri- 
cal fixing member 415. The rod antenna 420 is com- 
posed of a polyacetal rod, an isolation element with a 
length NC, and a pull 421 . The polyacetal rod has a con- 

30 ductive core line (not shown) formed along a center axis. 
Lower ends of the conductive core line and the polya- 
cetal rod are fixed to a stopper (not shown). 
[0017] In the retracted state, a lower end of the rod 
antenna 420 reaches a retraction point (not shown) in 

35 the housing 401, passing through the cylindrical fixing 
member 415. In the extended state, the pull 421 of the 
rod antenna 420 reaches to an extension point (not 
shown) over the housing 401. In that event, the topper 
fixed to the lower end of the polyacetal rod is stopped 

40 by the cylindrical fixing member 415. 

[0018] The rod antenna 420 made of a metal wire has 
a length L1 such that it can serve as a )J2 antenna in 
the extended state. The hula hoop antenna 41 0 is made 
of a metal strip or wire. The rod antenna 420 is coated 

45 with a nonconductive material so that it may not be cou- 
pled to the hula hoop antenna 41 0 in the retracted state. 
Further, the rod antenna 420 is so thick that it contacts 
the hula hoop antenna 410 and cannot be pulled out 
from the cylindrical fixing member 415 in the extended 

50 state. 

[0019] In this antenna apparatus, the length (2 x h2 + 
2 x h3) and the height hi of the hula hoop antenna 410 
and the variable capacitor 411 serve to improve a 
matching characteristic. Therefore, the antenna appa- 
55 ratus does not require a separate matching circuit by 
feeding a radio signal to the hula hoop antenna 41 0 us- 
ing the microstrip line 412. Actually, it is possible to ob- 
tain an input impedance of approximately 50O by ad- 
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justing the height of the hula hoop antenna 41 0 or mov- 
ing a feeding point right and left. 
[0020] FIG. 6 illustrates the current distribution of the 
antenna apparatus in the extended state. As stated 
above, the rod antenna 420 is decoupled from the feed- 
ing point in the retracted state, so that it does not serve 
as a radiating element. Accordingly, a symmetric current 
distribution is given as shown in FIG. 6. For this sym- 
metric current distribution, a radiation pattern on the az- 
imuth plane is measured to be approximately circular. 
[0021] Referring back to FIGs. 3 to 5, the conductive 
fixing member 41 4 is placed at a comer of the hula hoop 
antenna 410, where the current distribution is relatively 
lower than other places. That is, the rod antenna 420 is 
placed at a given position of the hula hoop antenna 41 0, 
having a relatively low current distribution. 
[0022] FIG 7 illustrates the variable capacitor 411 ac- 
cording to a first embodiment of the present invention. 
As illustrated, the variable capacitor 411 is composed of 
a screwed cylinder 500 and a screw 510 inserted into 
the screwed cylinder 500. A capacitance of the variable 
capacitor 411 can be varied by screwing the screw 510 
up and down. 

[0023] FIG. 8 illustrates the variable capacitor 411 ac- 
cording to a second embodiment of the present inven- 
tion. As illustrated, the variable capacitor 411 is com- 
posed of a printed circuit board 431 having a plurality of 
patches 520 each connected to adjacent ones by a 
patch connection line 530. The capacitance of the vari- 
able capacitor 411 can be varied by cutting the patch 
connection line 530 at desired positions. 
[0024] FIGs. 9 and 10 illustrate voltage standing wave 
ratios (VSWRs) of the antenna apparatus in the retract- 
ed state and the extended state, respectively. 
[0025] FIG. 11 illustrates the radiation pattern of the 
antenna apparatus according to the invention on an az- 
imuth plane in the retracted state, and FIG. 12 illustrates 
a radiation pattern of the conventional antenna appara- 
tus on the azimuth plane in the retracted state. For the 
antenna apparatus according to the invention, a gain dif- 
ference between the maximum and minimum gains on 
the azimuth plane is 9dB which is much lower than that 
of the conventional antenna apparatus. The low gain dif- 
ference will decrease the directivity of the antenna ap- 
paratus, providing the improved communication quality 
and the stable receiving sensitivity. 
[0026] FIG. 13 illustrates the radiation pattern of the 
antenna apparatus according to the invention on an el- 
evation plane in the retracted state, in which the peak 
gain appears at around 90°. However, the conventional 
antenna apparatus has the peak gain at around 140°, 
as shown in FIG . 14. Since the current distribution of the 
hula hoop antenna 410 is substantially symmetrical, the 
antenna apparatus according to the invention can main- 
tain the symmetrical radiation pattern even in the retract- 
ed state of the rod antenna 420. In addition, since the 
rod antenna 420 is so constructed as to serve as a A/2 
antenna in the extended state, the increase in length of 



the antenna apparatus may increase the antenna gain, 
thereby improving the communication quality. 
[0027] FIG. 15 illustrates the radiation pattern of the 
antenna apparatus according to the invention on the az- 

5 imuth plane in the extended state, in which the gain dif- 
ferent between the maximum and minimum gains is 
5dB. However, as shown in FIG. 16, the conventional 
antenna apparatus has the gain difference 8dB which is 
higher by 3dB than that of the antenna apparatus ac- 

10 cording to the invention. 

[0028] FIG. 17 illustrates the radiation pattern of the 
antenna apparatus according to the invention on the el- 
evation plane in the extended state, in which the peak 
gain appears at around 0-90°. 

is [0029] The antenna arrangement according to the in- 
vention is preferably used in a PCS band. 
[0030] In conclusion, the antenna apparatus has a 
stable receiving sensitivity and the non-directivity, by se- 
curing the symmetrical radiation pattern. 

20 

Claims 

1. Antenna arrangement for a mobile terminal, com- 
2S prising: 

a loop antenna (410) having an electrical con- 
ductor performing an open loop, one end of the 
electrical conductor being connected to a vari- 
30 able capacitor (411) and the other end being 

connected to a ground electrode (431), the 
electrical conductor being further connected to 
a microstrip line (412); 

35 a rod antenna (420); and 

means (414, 415) for attaching said rod anten- 
na to said loop antenna. 

40 2. The arrangement accordingto claim 1 , wherein said 
loop antenna is a rectangular hula hoop antenna, 
and said rod antenna is attached to a comer of said 
hula hoop antenna. 

45 3. The arrangement according to one of claims 1 or 2, 
wherein the loop antenna is placed at an upper, in- 
ner center of a housing (40 1 ) of the mobile terminal , 
and said rod antenna is extendible and retractable 
from and into the housing. 

so 

4. The arrangement according to one of claims 1 to 3, 
wherein said means for attaching said rod antenna 
to said loop antenna comprises: 

55 a conductive fixing member (414) having a 

through hole; and 

a cylindrical fixing member (415) inserted into 
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8. 



said through hole, said rod antenna passing 
along a centre axis of the cylindrical fixing mem- 
ber. 

The arrangement according to one of claims 1 to 4, 
wherein said variable capacitor and said ground 
electrode arc located on a printed circuit board 
(430- 

The nrrnngement according to one of claims 1 to 5, 
wherein said loop antenna is made of a metal wire. 

The arrangement according to one of claims 1 to 5, 
wneicn said loop antenna is made of a metal strip. 

t»*. > ^cr: ,* cof ding to one of claims 1 to 7, 

• • . ,1 is attached to said loop 

^•s:,"-". f. »r,, iMcnt distribution over said 



Tt,. 

Wl!' 

tenn. . 
tr t 'jctc'. 



- -jif «g to one of claims 1 to 8, 
comprises a wire coated 
. • "vi tc rial so that said rod an- 
aemia are decoupled in a re- 



w 
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itor can be varied by cutting the patch connector 
line at given positions. 

14. The arrangement according to claims 1 to 13, 
wherein said loop antenna and said rod antenna op- 
erate in a PCS (Personal Communication Service) 
band. 

15. The arrangement according to one of claims 1 to 
14, wherein said loop antenna has an input imped- 
ance depending on the height (hi) thereof. 

16. Mobile terminal comprising an antenna arrange- 
ment according to one of claims 1 to 15. 



10. The rirr^njofnon! rtcc c«r 3>ng to one of claims 1 to 9, 
where i n <**K3 1 c<: nriennn is a X/2 antenna in an ex- 
tendon sTnt^ n* «wiid rod antenna. 

11. The arrrtngcmcni .rtccording to claim 10, wherein 
said rod nnicnnn has a thickness suitable for con- 
tacting SHid loop antenna in the extended state of 
said rod antenna 

35 

12. The arrangement according to one of claims 1 to 
11 , wherem saic variable capacitor comprises: 

a screwed cylinder (500); and 

40 

a screw (510) inserted into the screwed cylin- 
der; 

wherein the capacitance of the variable capac- 
itor can be varied by screwing the screw. 45 

13. The arrangement according to one of claims 1 to 
11 , wherein said variable capacitor comprises: 

a printed circuit board (431), so 

a plurality of patches (520) formed on the print- 
ed circuit board; and 

a patch connection line (530) for connecting the 55 
patches; 

wherein the capacitance of the variable capac- 
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(54) Antenna arrangement and mobile terminal 

(57) The invention relates to an antenna arrange- 
ment for a mobile terminal having a stable receiving sen- 
sitivity and a symmetric radiation pattern and to a cor- 
responding mobile terminal. The antenna arrangement 
comprises a loop antenna (410) having an electrical 
conductor performing an open loop, one end of the elec- 
trical conductor being connected to a variable capacitor 
41 1 and the other end being connected to a ground elec- 
trode (431), the electrical conductor being further con- 
nected to a micrcstrip line 41 2. The arrangement further 
comprises a rod antenna (420) and means (414, 415) 
for attaching said rod antenna to said loop antenna. 
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